A common problem found in the industrial metrology is the reliability of the results obtained from temperature instruments, especially when they are used in operational processes which effect to the production quality. In this case, calibration of thermometer associated with a national standard through a documented unbroken chain of calibrations is of vital importance. This study presents the reliability of a Pt-100 Platinum Resistance Thermometer (PRT) measurement results which can be described according to calibration and statistical methods. The calibrated PRT's resistance values are characterized as around 131.00 Ω by making a comparison with a reference PRT at 80 °C bath temperature and the total uncertainty of the calibration temperature is determined as ±0.08656 °C by metrological traceability together with measurement uncertainty. The total uncertainty value changes depending on uncertainty values of each equipment used in the calibration system.
Introduction
Metrology is defined by the International Bureau of Weights and Measures (BIPM: Bureau International des Poids et Mesures) as the science of measurement, including both experimental and theoretical determinations at any level of uncertainty in any field of science and technology. Metrology is separated into three categories such as scientific metrology, industrial metrology, and legal metrology. Scientific metrology covers the organization and development standard, and their maintenance. Legal metrology originated from the need to ensure fair trade, especially in the area of weights and measures while industrial metrology has to guarantee the adequate functioning of measurement devices used in industrial production and in the testing process [1, 2] .
In science and engineering, objects of interest have to be characterized by measurement and testing. Measurement is the assignment of a value to a characteristic of an object or event, which can be compared with other objects or events. Calibration consists of comparing the output of instrument or sensor under test against the output of an instrument of known accuracy when the same input as the measured quantity is applied to both instruments. Instrument calibrations have to be repeated at prescribed intervals because of the characteristics of any instrument change over period. Changes in the instrument characteristics are brought some factors such as mechanical wear, dirt, dust, temperature changes in the operating system [3] .
Measurements in the calibration can be related to a national standard through a documented unbroken chain of calibrations. The primary standards in the calibration laboratories such as National Physical Laboratory are used to calibrate reference (secondary) standards held by accredited calibration laboratories. These reference standards are used to calibrate working standards that may be company master standards in the industry, hospitals. Reference and working standards can be used measuring instruments such as multimeters, voltmeter, thermometer, weight meter, etc. Usually national or international standards, through an unbroken chain of comparisons, all having stated uncertainties. The level of traceability establishes the level of comparability of the measurement: whether the result of a measurement can be compared to the previous one, a measurement result a year ago, or to the result of a measurement performed anywhere else in the world [4] . Measurement is carried out by making a comparison between a target objective and a measurand that is a quantity intended to be measured. Measured quantity values are obtained as measurement results. In the calibration, a measurement result can be expressed by metrological traceability together with measurement uncertainty, the reliability of the measurement result can be reasonably confirmed and maintained. Uncertainty is the range of doubt surrounding a measured or calculated value within which the true value is expected to fall with some degree of confidence. The uncertainty value should be expressed with an associated statistical confidence. [5, 6, 7] The resistance type thermometer is specially designed for heavy-duty temperature sensing applications like ovens, machines, and industrial environments where their durable construction ensures a prolonged sensor. The sensor of a resistance thermometer features a temperaturedependent electrical resistance. This increases with the temperature and is therefore known as a PTC (positive temperature coefficient). With industrial measuring requirements, primarily Pt-100 or Pt-1000 measuring resistors are used to EN60751 and available in accordance with IEC 751.
This study aims how to express the reliability of Pt-100 Platinum Resistance Thermometer (PRT) calibration measurement results which can be described according to calibration and statistical methods.
Materials and Methods
In this study, the PRT with known parameters (See Table. 1) is used under calibration readout system. The calibration characterizations of the PRT are measured at room temperature employing a readout system with bath which is controlled by a digital control system with a software.
Pt-100 Platinum Resistance Thermometer (PRT)
A PRT is a device which determines the temperature by measuring the electrical resistance of a piece of pure platinum wire. The piece of platinum wire referred to as a temperature sensor. If these PRTs are manufactured carefully, they offer an excellent combination of sensitivity, range, and reproducibility.
The electrical resistance metal of many metals such as copper, silver, aluminum, platinum increase approximately linearly with absolute temperature and this feature provides them useful as temperature sensors. The resistance of wire of the material is measured by passing a current (AC or DC) through it and measuring the voltage with suitable bridge or voltmeter, and reading is converted to temperature using calibration equation. [8] The length and diameter of the platinum wire used in a thermometer are often chosen so that the resistance of the device at around 0 °C is 100 ohm. Such a sensor is called a Pt-100 sensor, its resistance changes by approximately 0.4 ohms per degree Celcius. In other words, using a typical 1 mA measuring current at 0 °C, a PTR would have a voltage drop of about 100 mV across its terminals and this would change by about 0.4 mV per degree Celsius. Therefore, it makes sensitive thermometry available to anyone with a high-resolution voltmeter or resistance bridge. PRT (Pt-100) conversion table is indicated in Table 1 . PRTs are named as depending on the element type Pt-100, Pt-200, Pt-500 or Pt-1000, and they are an excellent choice for use as cryogenic temperature sensing and control elements in the range from 30 K to 873 K (-243 °C to 600 °C). Over this temperature span, PRTs offer high repeatability and nearly constant sensitivity, dR/dT. Platinum resistors are also of use as control elements in magnetic field environments where errors approaching a degree can be tolerated. It is shown that a Pt-100 resistance thermometer in Figure 1 . 
Preparing the PRT for Calibration
All temperature sources have instabilities and gradients. These translate into calibration errors or uncertainties. To decrease the effects, the probes should be placed as close together as practical applications. In baths, the probes to be calibrated should be placed in a radial pattern with the reference probe in the center (focus) of the circle. This ensures an equal distance from the reference probe to each of the probes under tests.
Also, the sensing elements should be on the same horizontal plane. Even though sensing elements are different lengths, having the bottoms of the probes at the same level is sufficient. Sufficient immersion must be achieved so that stem losses do not occur.
Generally, sufficient immersion is achieved when the probes are immersed to a depth equal to 20 times the probe diameter plus the length of the sensing element. For example, consider a 3/16 inch diameter probe with a 1 inch long sensing element. Using the rule of thumb, 20 x 3/16 in + 1 in = 3 3/4 in + 1 in = 4 3/4 in. In this example, minimum immersion is achieved at 4 3/4 inches. If the probe has thick wall construction and/or poor heat transfer is present (such as in the case of a dry-well with incorrectly sized holes), more immersion is required.
[9]
Calibration Readout System
There are two types of calibrations applicable to PRT as characterization or tolerance testing. Characterization is the type of calibration type where the calibrated PRT resistance under test is determined at several temperature points and data are fitted to mathematical expression. Also, tolerance testing is a calibration in which the PRT resistance is compared to define values at the specific temperature. In the laboratory, we have to perform both types of calibration depending on our customer's needs.
Connections of the Pt-100 to a readout system must be tight and in proper 2-, 3-, or 4-wire configuration. If it uses a Pt-100 which has a 4-wire configuration, the current and voltage connections are shown that Figure 2 .
In this study, PRTs are calibrated with a standard reference platinum resistance thermometer in temperature-stabilized baths using fixed-points to provide reference temperatures over the ranges specified in the ITS-90 (International Temperature Scale of 1990) [10] . The reference equipment such as the platinum resistance, the resistance An experimental setup of PRT Calibration Readout System is presented in Figure 3 . The presented Readout system includes temperature-stabilized bath which has a temperature controller, digital multimeters that are used for reference and calibrated PRTs, GBIP-RS 232 Interfaces, and a computer.
Nowadays, to obtain more efficient calibration measurements, the scientific studies which of include both hardware and software on developments of the LabVIEW based digital system continue currently. These studies aim to demonstrate a successful comparison with commercial systems [11] . Also, the instrument of ambient temperature is fixed close to the measuring equipment.
A calibration bath cannot be considered as completely stable in time and homogeneous all over its volume, especially when temperature calibrations by comparison are carried out at the best level of uncertainty. This represents a major contribution to the total uncertainty of a calibration procedure. In order to decrease this uncertainty contribution, the equalizing blocks are used depending on the bath dimension [12].
Temperature determinations of PRTs
The resistance values of the reference PRT is measured and the temperature calculated from calibration coefficient which was entered into the readout previously. These calibration coefficients have been entered, the temperature calculations are accomplished internally and readout system displays in temperature units and the temperature data are available in real time. This feature speed ups process and provides to reduce uncertainty values due to operator errors.
In this study, the digital multimeter is used to measure the resistance value of the reference PRT while it is exposed to a temperature. The reference PRT must also have been calibrated by a traceable laboratory. The resistance values of the calibrated PRT under test is measured via another digital multimeter when it is exposed to the same temperature with reference PRT.  The reference and the calibrated PRTs were placed into the temperature-stabilized bath in close proximity to each other.  Connections of the PRT to a readout system must be tight and in proper 2-, 3-, or 4-wire configuration.  The resistance value of the reference PRT was measured and its temperature value was determined.  The resistance value of the calibrated PRT was measured.  The experimental data were fitted separately to a mathematical expression.
Calibration Procedure

Results and Discussion
Determining the Temperature Value against Resistance Value of the Reference PRT.
Determining the calibration temperature for the reference PRT must be calculated by using interpolation which is given at ITS-90 after the resistance value of the reference PRT is measured at 80 °C by following the example. 
Determining the Resistance Value of the Calibrated PRT
The resistance of the calibrated PRT is measured at 80 °C by using a multimeter, first. After that, the resistance value of calibrated PRT is determined by the following equation URres, UCres : Type-uncertainty due to the multimeter's resolution according to least significant bit (LSB). The limited resolution of the multimeter is within ±0.0005 Ω for 0,001 Ω. Therefore, the standard uncertainty of the multimeter is defined as 0.0005Ω/√3 = 0.29 mΩ.
URmux, UCmux:
If the multiplexer device is used at calibration read out system, its noise factor value must be attached to the total uncertainty values. Since the multiplexer device is not used, it can be neglected (0 Ω).
URcon, UCcon:
Since the calibrated PRT which has a 4-wire configuration is connected to the multimeter and the uncertainty associated with this connection type is taken to be neglected (0 Ω).
Identification of Uncertainties
The temperature uncertainties on calibration activity are sorted as the following [13]:
Uncertainties linked with Reference PRT
UTrr : It is repeatability of measurements that refers to the variation in repeat measurements made on the same subject under identical conditions. This means that measurements are made by the same instrument or method, the same observer (or rater) if a human input is required and that the measurements are made over a short period of time, over which the underlying value can be considered to be constant.
[15]
The repeatability of measurements of the reference PRT is performed totally 10 times measuring a value every 30 seconds, separately.
The complete process of calculating the estimated standard deviation for a series of n measurements can be expressed mathematically as:
Standard deviation of the measurement average is calculated as UTrr = 0.002 °C.
UTrc : It is the standard uncertainty of the reference PRT. The calibration certificate of the reference PRT contains information about some corrections. For this study, standard uncertainty is determined as 0.01 °C.
UTrd : It is estimated from the maximum drift over all the drift values between successive calibrations. When the instrument is a new one, the manufacturer's data is taken into account to obtain stability at uncertainty budget calculations. If the instrument is the older one and no manufacturer's data is available, the drift can be estimated as standard uncertainty in the calibration of reference PRT.
In this study, the drift between calibrations is 0.01 °C. UTrsh: Type-uncertainty due for self-heating of the reference PRT. Obtained resistance measurement by passing current through multimeter causes heating of the resistor. The resistance measurement via current leads to the self-heating of the PRT. Since the self-heating effect of the reference PRT is dependent not only on the magnitude of the current but also on the measurement conditions, for this study this effect is neglected. UTchys : Type-uncertainty owing to hysteresis, and the thermal hysteresis of the calibrated PRT express as a difference in resistance at a given temperature based on the thermal history that was exposed. The resistance of the PRT will be different when the temperature is reached from an increasing direction to a decreasing direction. The magnitude of the difference will also depend on the magnitude of the temperature excursion and the design of the PRT.
This uncertainty value is obtained as 0.002 °C using manufacturer catalog.
UBath-h:
It is a bath homogeneity gradient which observed as a change of a thermometer reading according to a change of its position inside a calibration bath. Basic gradients which can be observed are an axial and radial gradient, and uncertainty contribution of theirs is determined as the maximum temperature difference between axial and radial direction. UBath-h = 0.0190
UBath-s:
It is an important characteristic of a bath which is the defined short-term stability of a medium temperature. This value depends on the type of regulation and flow of medium inside the bath. Because the calibration measurements are taken within the short time interval, the short-time stability is relevant. UBath-s = 0.0035 °C.
Uncertainty budget of PRTs and the calibration system are shown in Table 3 . Uncertainty evaluation of multimeter measurements and the final evaluation of uncertainties in the analysis of calibration data results related to PRTs are given in Table 4. and Table 5 . respectively. 
Conclusion
In this study, the calibrated PRT's resistance value is characterized by making a comparison with a reference PRT at 80 °C temperature point and its measurement result is expressed by metrological traceability together with measurement uncertainty. The presented example describes a calibration activity of the PRT for only one temperature point. Generally, thermometers should be calibrated at several temperature points. Since the PRTs are mostly used in the heavy industry, they often must be calibrated with to the reference PRTs. The temperature value in the production systems is an important parameter that affected the quality of production. Therefore, especially development of digital-based measurement system will be prevented measurement errors, reduced measurement time.
